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METHODS AND APPARATUS FOR 
CHARACTERIZING SUBSCRIBER LOOP BASED 
ON ANALYSIS OF DSL HANDSHAKING SIGNALS 
AND FOR OPTIMIZATION OF DSL OPERATION 

BACKGROUND 

[0001] A variety of DSL (digital subscriber line) services 
have been developed to provide subscribers With high speed 
data communication access over voice-grade telephone sub 
scriber loops. HoWever, not all subscriber loops are suitable 
for DSL service, and it is generally labor intensive and 
expensive to determine the suitability of a subscriber loop 
for DSL. 

[0002] Another problem encountered With DSL services is 
that the encoding/decoding and modulation/demodulation 
utiliZed for transmission of data over a DSL link may require 
signi?cant processing resources. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 is a simpli?ed block diagram of a data 
communication system according to some embodiments. 

[0004] FIG. 2 is a block diagram of aspects of a DSL 
modem that is part of the system of FIG. 1. 

[0005] FIG. 3 is a How chart that illustrates a subscriber 
loop characteriZation process performed by the DSL modem 
of FIG. 2 according to some embodiments. 

[0006] FIG. 3A is a How chart that illustrates some details 
of the process of FIG. 3. 

[0007] FIG. 4 is a How chart that illustrates other details 
of the process of FIG. 3. 

[0008] FIG. 5 is a graph that illustrates a technique 
provided according to some embodiments for determining a 
length of a subscriber loop based on analysis of DSL 
handshaking signals. 
[0009] FIG. 6 is a graph that illustrates another technique 
provided according to some embodiments for determining a 
length of a subscriber loop based on analysis of DSL 
handshaking signals. 
[0010] FIG. 7 is a How chart that illustrates additional 
details of the process of FIG. 3. 

[0011] FIG. 8 is a How chart that illustrates a process 
provided according to some embodiments for determining 
suitability of a subscriber loop for DSL service. 

[0012] FIG. 9 is a graph that illustrates a technique for 
determining Whether a subscriber loop meets a quali?cation 
for DSL service. 

[0013] FIG. 10 is a block diagram of a computer system 
that includes the modem of FIG. 2. 

DETAILED DESCRIPTION 

[0014] FIG. 1 is a block diagram of a data communication 
system 100 according to some embodiments. The data 
communication system includes a telephone central office 
102 and a DSL modem 104, as Well as a telephone sub 
scriber loop 106 connecting the DSL modem 104 to the 
central of?ce 102. The physical components Which consti 
tute the subscriber loop 106 may be conventional. The DSL 
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modem 104 and the central of?ce 102 may, according to 
some embodiments, have capabilities that are described 
beloW. Not separately shoWn in the draWing are one or more 
DSLAMs (DSL access multiplexers) that may be installed at 
the central office 102 to alloW the central of?ce to provide 
DSL service over subscriber loops connected to the central 
of?ce. As is familiar to those Who are skilled in the art, the 
DSL modem 104 may be considered to be an item of 
telephone terminal equipment. 

[0015] FIG. 2 is a block diagram that shoWs some aspects 
of the DSL modem 104. The DSL modem 104 includes a 
line interface 200 by Which the DSL modem 104 is coupled 
to the subscriber loop 106. The DSL modem 104 also 
includes a processor 202 coupled to the line interface 200 via 
an analog-to-digital converter 204. Also included in the DSL 
modem 104 is a memory 206 coupled to the processor 202. 
The processor 202 may be a stand-alone processing device 
(such as a conventional microprocessor or microcontroller) 
Which operates under control of softWare or ?rmWare stored 
in the memory 206, or the processor 202 may be constituted 
by some or all of a special-purpose processing device such 
as an ASIC (application speci?c integrated circuit). 

[0016] Interactions betWeen the DSL modem 104 and the 
central of?ce 102 may fall into three phases: handshaking, 
training and normal operation. Blocks for handling functions 
of the DSL modem 104 in connection With the training and 
normal operation phases are respectively indicated at 208 
and 210 in FIG. 2. HoWever, in some embodiments, some 
or all of the functions of blocks 208 and 210 may be 
performed by the processor 202. 

[0017] In some embodiments, all of the DSL modem 104, 
eXcept for some functionality of the processor 202 and/or 
some softWare or ?rmWare stored in the memory 206, may 
be provided in accordance With conventional practices. 
Processor functions and softWare or ?rmWare provided in 
accordance With some embodiments Will be described 
beloW. 

[0018] The DSL modem 104 and the central of?ce 102 
may both be arranged to interact With each other according 
to a conventional DSL handshaking procedure, such as that 
prescribed in the International Telecommunication Union 
Telecommunication StandardiZation Sector (ITU-T) 
G.994.1 standard. In some central of?ces, the DSLAMs (not 
shoWn) support tWo sets of carrier signals for handshaking 
signaling. These tWo sets of carrier signals are referred to as 
A43 and B43 carrier sets in connection With the G.994.1 
standard. The A43 set consists of the carrier frequencies 
172.5 kHZ, 241.5 kHZ and 276 kHZ. The B43 set consists of 
the carrier frequencies 310.5 kHZ, 379 kHZ and 414 kHZ. 
During handshaking, the central of?ce sends to the DSL 
modem a multi-tone signal, knoWn as the C-TONE, that may 
include all siX of these carrier frequencies. These siX carrier 
frequencies, or a subset thereof such as the A43 carriers 
alone, Will sometimes be referred to herein as the “doWn 
stream signal carriers”. 

[0019] In accordance With the G.994.1 standard, the DSL 
modem may support signaling in the upstream direction 
(i.e., from the modem to the central of?ce). The upstream 
signal may be a multi-tone signal Which may include an 
upstream A43 carrier set consisting of the carrier frequencies 
38.8125 kHZ, 73.3125 kHZ and 107.8125 kHZ. The upstream 
multi-tone signal is sometimes referred to as the R-TONE, 
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and the constituent frequencies of the R-TONE Will some 
times be referred to herein as the “upstream carrier frequen 
cies”. 

[0020] In other embodiments, some or all of these doWn 
stream and upstream carrier frequencies, and/or other 
upstream and/or doWnstream carrier frequencies (including 
the C43, J43 and A4 carrier sets de?ned in the G.994.1 
standard) may be employed. 

[0021] FIG. 3 is a How chart that illustrates a subscriber 
loop characteriZation process performed by the DSL modem 
104 according to some embodiments. At 300 in FIG. 3, the 
DSL modem 104 receives and/or sends handshaking signals 
to/from the central of?ce 102. This may occur as a portion 
of a handshaking process performed by the DSL modem 104 
and the central of?ce 102. In some embodiments, the DSL 
modem 102 may receive the above-mentioned C-TONE 
signal from the central of?ce 102 and may send the above 
mentioned R-TONE signal to the central of?ce. The 
C-TONE signal received by the DSL modem 102 may, in 
some embodiments, include both the A43 and the B43 
carrier sets referred to above; in other embodiments, the 
C-TONE signal may include only the A43 carrier set. 

[0022] At 302 in FIG. 3, the DSL modem 104 analyZes 
and compares at least some of the handshaking signals 
exchanged at 300. For eXample, this may be done, at least in 
part, by the processor 202 (FIG. 2) operating under the 
control of a program stored in the memory 206. Alterna 
tively, this may be done by hard-Wired circuitry, Which is not 
separately shoWn from the processor 202. 

[0023] FIG. 3A is a How chart that illustrates some details 
of the handshaking signal analysis performed at 302 in FIG. 
3. At 350 in FIG. 3A, raW loop characteriZation data is 
collected by, for eXample, sampling and analog-to-digital 
converting some or all of the doWnstream and upstream 
carrier signals included respectively in the C-TONE and the 
R-TONE, respectively. This may be done by the analog-to 
digital converter 204 shoWn in FIG. 2, under the control of 
the processor 202. Then, as indicated at 352 in FIG. 3A, the 
processor 202 may perform averaging of at least some of the 
data samples (e.g., the C-TONE data samples) obtained at 
350. This may be done to improve the accuracy of the data, 
and to minimiZe the effect of noise that may be present in the 
subscriber loop 106 (FIG. 1). In some embodiments, the 
averaging of the data samples may be omitted. 

[0024] Next, as indicated at 354, a transform such as a 
DFT (discrete Fourier transform) or an FFT (fast Fourier 
transform) may be performed to transform the time domain 
data obtained at 350 and 352 into frequency domain data. At 
least some calculations for the transform may be performed 
by the processor 202. As an alternative to a conventional 
DFT or FFT, a single point DFT may be performed. 

[0025] Referring again to FIG. 3, at 304 the DSL modem 
104 detects one or more characteristics of the subscriber 
loop 106 on the basis of the data analysis and comparison 
performed at 302. As Will be seen, in some embodiments the 
DSL modem 104 may detect an estimated length of the 
subscriber loop 106. 

[0026] FIG. 4 is a How chart that illustrates further details 
of the handshaking signal analysis and comparison per 
formed at 302 and of the loop characteristic detection 
performed at 304 in FIG. 3. At 400 in FIG. 4, the DSL 
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modem 104 (e.g., the processor 202) generates (e.g., calcu 
lates) a poWer spectrum density for the doWnstream hand 
shaking signals. This may be done, for eXample, by sum 
ming the respective signal poWers in the doWnstream 
frequency bins. 

[0027] At 402, the DSL modem 104 generates a poWer 
spectrum density for a group of relatively high frequency 
doWnstream handshaking signals. In some embodiments, 
this group of signals may be the B43 doWnstream carrier 
frequency set. Thus, the poWer spectrum density for the 
“high frequency” doWnstream signals may be generated by 
summing the respective signal poWers in the frequency bins 
of the B43 doWnstream carrier frequency set. 

[0028] At 404, the DSL modem 104 generates a poWer 
spectrum density for a group of relatively loW frequency 
doWnstream handshaking signals. In some embodiments, 
this group of signals may be the A43 doWnstream carrier 
frequency set. Thus, the poWer spectrum density for the “loW 
frequency” doWnstream signals may be generated by sum 
ming the respective signal poWers in the frequency bins of 
the A43 doWnstream carrier frequency set. 

[0029] At 406, the DSL modem 104 generates a poWer 
spectrum density for the upstream handshaking signals. This 
may be done, for eXample, by summing the respective signal 
poWers in the upstream frequency bins. 

[0030] At 408, the DSL modem 104 may compare the 
respective poWer spectrum densities for the upstream and 
doWnstream signals by calculating a ratio of the upstream 
signal poWer spectrum density to the doWnstream signal 
poWer spectrum density. This ratio may be referred to as a 
“?rst poWer ratio”. Then, as indicated at 410, the DSL 
modem may determine an estimated loop length based on 
the ?rst poWer ratio. 

[0031] FIG. 5 is a graph that shoWs data obtained in a 
simulation that indicates a relationship betWeen the length of 
the subscriber loop (assuming the subscriber loop is formed 
of 26-AWG Wire) and the ?rst poWer ratio. The data shoWn 
in FIG. 5 Was obtained by transmitting the C-TONE and the 
R-TONE in simulated subscriber loops With White noise 
added. For a loop length of less than 5,000 feet, the ?rst 
poWer ratio is less than about —50 dB. For loop lengths from 
about 5,000 feet to about 16,000 feet, there is a substantially 
linear relationship betWeen the ?rst poWer ratio and the loop 
length. As can be seen from FIG. 5, if the loop length 
eXceeds 16,000 feet, the ?rst poWer ratio is about 0 dB or 
larger. If the ?rst poWer ratio is about —5 dB or less it can be 
estimated With considerable con?dence that the loop length 
does not eXceed about 15,000 feet. Also, the loop length may 
be estimated at 10,000 feet or less When the ?rst poWer ratio 
is about —28 dB or less, and may be estimated to eXceed 
10,000 feet When the ?rst poWer ratio is more than about —28 
dB. 

[0032] Referring again to FIG. 4, at 412 the DSL modem 
104 may compare the respective poWer spectrum densities 
for the high frequency doWnstream signals and the loW 
frequency doWnstream signals by calculating a ratio of the 
high frequency doWnstream signal poWer spectrum density 
to the loW frequency doWnstream poWer spectrum density. 
This ratio may be referred to as a “second poWer ratio”. 
Then, as indicated at 414, the DSL modem may determine 
an estimated loop length based on the second poWer ratio. 
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[0033] FIG. 6 is a graph that shows data obtained in a 
simulation that indicates a relationship between the length of 
the subscriber loop (again assuming the subscriber loop is 
formed of 26-AWG Wire) and the second poWer ratio. The 
data shoWn in FIG. 6 Was obtained by transmitting the 
C-TONE in simulated subscriber loops With White noise 
added. As seen from FIG. 6, the relationship betWeen the 
loop length and the second poWer ratio is substantially 
linear. 

[0034] Referring again to FIG. 4, at 416 the DSL modem 
104 may compare the tWo loop length estimates obtained at 
410 and 414. Then, on the basis of the comparison, a ?nal 
loop length estimate may be determined, as indicated at 418. 
In some embodiments, the longer of the tWo estimates 
obtained at 410 and 414 may be selected to be the ?nal loop 
length estimate. 

[0035] In some embodiments, only the ?rst poWer ratio 
may be determined, or only the second poWer ratio may be 
determined, and the length of the subscriber loop may be 
estimated based only on the ?rst poWer ratio (e.g., using the 
data shoWn in FIG. 5), or based only on the second poWer 
ratio (e.g., using the data shoWn in FIG. 6), as the case may 
be. Of course, if only the ?rst poWer ratio is determined, the 
poWer spectral densities for “high frequency” doWnstream 
signals and “loW frequency” doWnstream signals need not be 
generated. Similarly, if only the second poWer ratio is 
determined, the poWer spectral densities for the upstream 
signals, and for the doWnstream signals as a Whole, need not 
be generated. 

[0036] In some embodiments, for the purposes of deter 
mining the second poWer ratio, the division of the doWn 
stream signals into three “high frequency” signals (e.g., the 
B43 doWnstream carrier set) and three “loW frequency” 
signals (e.g., the A43 doWnstream carrier set) may be 
modi?ed, such that, for example, the tWo loWest frequency 
doWnstream carriers are considered “loW frequency” and the 
four highest frequency doWnstream carriers are considered 
“high frequency”. As an alternative, the four loWest fre 
quency doWnstream carriers are considered “loW frequency” 
and the tWo highest frequency doWnstream carriers are 
considered “high frequency”. More speci?cally, in various 
embodiments, the folloWing sets of “loW frequency” and 
“high frequency” signals may be employed to determine the 
second poWer ratio as alternatives to comparing the respec 
tive poWer spectrum densities of the B43 doWnstream car 
riers and the A43 doWnstream carriers. 

[0037] Set 1: 

[0038] “loW frequency”: 172.5 kHZ and 241.5 kHZ 

[0039] “high frequency”: 276 kHZ, 310.5 kHZ, 379.5 kHZ 
and 414 kHZ 

[0040] Set 2: 

[0041] “loW frequency”: 172.5 kHZ 

[0042] “high frequency”: 241.5 kHZ, 276 kHZ, 310.5 kHZ, 
379.5 kHZ and 414 kHZ 

[0043] Set 3: 

[0044] “loW frequency”: 172.5 kHZ, 241.5 kHZ, 276 kHZ 
and 310.5 kHZ 

[0045] “high frequency”: 379.5 kHZ and 414 kHZ 
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[0046] Set 4: 

[0047] “loW frequency”: 172.5 kHZ, 241.5 kHZ, 276 kHZ, 
310.4 kHZ and 379.5 kHZ 

[0048] “high frequency”: 414 kHZ 

[0049] As used herein, a “group of signal carriers” Will be 
understood to include a group consisting of one or more 
signal carriers. 

[0050] Referring again to FIG. 3, one or more operating 
functions and/or operating parameters for the DSL modem 
104 may be determined by the processor 202 (as indicated 
at 306) on the basis of the loop characteristic or character 
istics detected at 304. 

[0051] FIG. 7 is a How chart that illustrates some details 
of a determination made, in some embodiments, for 
example, at 306 in FIG. 3. Continuing to refer to FIG. 7, it 
may be determined (e. g., by the processor 202), as indicated 
at 700, Whether the estimated length of the subscriber loop 
is relatively short (e.g., not more than about 10,000 feet in 
length). If so, then as indicated at 702, the DSL modem 104 
may determine that trellis coded modulation (TCM) should 
not be employed in exchanging data over the subscriber loop 
during normal operations. For relatively short loop lengths, 
the subscriber loop may be of very good quality such that a 
data rate of about 8 Mbps may be provided, and TCM may 
be of little or no bene?t. It may therefore be advantageous 
to reduce processing requirements for the DSL modem by 
omitting TCM Where the loop length is estimated to be 
relatively short. 

[0052] HoWever, if it is determined at 700 that the loop 
length is not relatively short, then as indicated at 704, the 
DSL modem may determine that TCM should be employed 
in exchanging data over the subscriber loop during normal 
operations. For loop lengths that are not relatively short, the 
loop may be of rather poor quality and a rather loW data rate 
(perhaps as loW as 400 kbps) may be provided. In such cases 
the bit loading of the doWnstream sub-carriers may be light 
and the number of data-carrying carriers may be reduced. 
Consequently, the complexity of the TCM calculations may 
be signi?cantly reduced, so that the processing burden is 
signi?cantly less than for performing TCM at higher data 
rates. 

[0053] TCM is generally Well knoWn to those Who are 
skilled in the art, and is Widely used in DSL operation, and 
so need not be described herein. 

[0054] The selection of TCM or non-TCM operation may 
be communicated betWeen the DSL modem 104 and the 
central of?ce 102 as part of a capability message exchanged 
betWeen the DSL modem and the central office at the 
conclusion of the handshaking process. 

[0055] Determining Whether or not to utiliZe TCM is one 
example of hoW loop characteriZation may be employed to 
optimiZe operation of a DSL modem. Alternatively or in 
addition to selecting TCM or non-TCM operation based on 
a detected loop characteristic such as loop length or esti 
mated loop length, other operating functions or operating 
parameters may be selected on the basis of a detected loop 
characteristic to optimiZe operation of the DSL modem. For 
example, parameters for an equaliZer function performed 
during a training phase of operation may be pre-set based on 
a detected estimated length of a subscriber loop to accelerate 
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convergence and promote stability of an equalizer algo 
rithm. The pre-setting of equalizer parameters may be appli 
cable to either or both of a time-domain equalizer and a 
frequency-domain equalizer. As other examples, parameters 
for timing (clock) recovery and/or automatic gain control 
functions performed during a training phase of operation 
may be set based on the detected estimated loop length. 

[0056] Circuitry (including but not limited to a suitably 
programmed processor) to carry out at least a portion of a 
DSL handshaking process and to perform loop character 
ization as in the processes of FIGS. 3, 3A and/or 4 may be 
incorporated in a device that is not a DSL modem or does not 
include a DSL modem. For example, such circuitry may be 
included in a personal computer that does not include a DSL 
modem. Such circuitry and/or a DSL modem like the 
modem 104 may be employed for other loop characteriza 
tion processes besides those already described herein. For 
example, a process to determine the quali?cation of a 
telephone subscriber loop for DSL provisioning may be 
automatically performed as depicted in the How chart of 
FIG. 8. 

[0057] For purposes of FIG. 8, it is assumed that the 
circuitry described in the previous paragraph and/or a DSL 
modem 104 is employed to detect an estimated length of a 
subscriber loop in accordance With one or more of the 
processes described in connection With FIG. 4. Then, as 
indicated at 800 in FIG. 8, it is determined Whether the 
subscriber loop is excessively long (e.g., 18,000 feet or 
longer). If so, then as indicated at 802 the subscriber loop is 
disquali?ed from DSL provisioning, since it is unlikely that 
it Would be possible to provide satisfactory DSL service over 
an excessively long subscriber loop. HoWever, if it is deter 
mined at 800 that the subscriber loop is not excessively long, 
then as indicated at 804, the subscriber loop may be con 
sidered to be quali?ed for DSL provisioning. In some 
embodiments, a personal computer of Which the circuitry is 
a part may provide an output to a user and/or to a telephone 
company server (e.g., via the Internet) to indicate Whether 
the subscriber loop is quali?ed or disquali?ed for DSL 
provisioning. The automatic determination of DSL quali? 
cation in this manner may be more efficient and cost 
effective than conventional labor-intensive techniques for 
determining DSL quali?cation of a subscriber loop. 

[0058] In other embodiments, a comparison of poWer 
spectral densities of upstream and doWnstream signals, as 
indicated at 400, 406 and 408 of FIG. 4, may be employed 
to detect loop characteristics other than estimated loop 
length. For example, a comparison of upstream to doWn 
stream signal poWer spectral densities may be used to 
determine Whether a subscriber loop is coil-loaded. FIG. 9 
is a graph that illustrates data obtained by a simulation in 
Which a relationship betWeen the ?rst poWer ratio and a 
degree of loop loading is shoWn. Where the ?rst poWer ratio 
has a value of about 40 dB or above, it may be concluded 
that the loop is coil-loaded, and therefore should be dis 
quali?ed from DSL provisioning. 

[0059] In some embodiments, other subscriber loop 
impairments, such as bridge taps or susceptibility to cross 
talk, may be detected by similar techniques. 

[0060] As described above, the so-called R-TONE (A43 
upstream carrier set) may be used for loop characterization 
in some embodiments. In addition, or alternatively, one or 
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more other upstream signaling tones, or other signals, may 
be used for loop characterization. 

[0061] FIG. 10 is a block diagram of a computer system 
1000 that may include the DSL modem 104 of FIG. 2. The 
computer system 1000 includes a processor 1002, such as a 
conventional microprocessor, Which is connected to the DSL 
modem 104. The computer system 1000 also may include 
system memory 1004 connected to the processor 1002 and 
one or more peripheral interfaces 1006 connected to the 
processor 1002. The computer system 1000 may also 
include a radio frequency transceiver 1008 that is coupled to 
the DSL modem 104 via the processor 1002. 

[0062] Analyzing DSL handshaking signals to detect one 
or more telephone subscriber loop characteristics may help 
to promote efficient and cost-effective DSL provisioning 
and/or loop-adaptive operation of a DSL modem. Moreover, 
in some embodiments, determining Whether to perform 
trellis coded modulation in a DSL modem, based on a 
detected loop characteristic such as estimated loop length, 
may be conducive to ef?cient and cost-effective operation of 
the DSL modem. 

[0063] In other embodiments, a detected subscriber loop 
characteristic such as estimated loop length may be used to 
predict a data rate or other characteristic of DSL service to 
be provided via the subscriber loop. On the basis of the 
estimated data rate, for example, the subscriber may be 
charged a subscription rate that varies With the predicted 
quality of service. In addition or alternatively, the subscriber 
may be presented With a plurality of service level/billing 
options based on the predicted service quality that may be 
available via the subscriber loop. 

[0064] Thus, in some embodiments, a method includes 
performing at least part of a DSL handshaking process by 
transmitting at least one handshaking signal via a telephone 
subscriber loop, and analyzing the at least one handshaking 
signal to detect a characteristic of the telephone subscriber 
loop. 

[0065] In other embodiments, a method includes detecting 
a characteristic of a telephone subscriber loop, and deter 
mining an operating function of an item of terminal equip 
ment connected to the telephone subscriber loop based at 
least in part on the detected characteristic of the telephone 
subscriber loop. 

[0066] The several embodiments described herein are 
solely for the purpose of illustration. The various features 
described herein need not all be used together, and any one 
or more of those features may be incorporated in a single 
embodiment. Therefore, persons skilled in the art Will rec 
ognize from this description that other embodiments may be 
practiced With various modi?cations and alterations. 

What is claimed is: 

1. A method comprising: 

performing at least part of a digital subscriber line hand 
shaking process by transmitting at least one handshak 
ing signal via a telephone subscriber loop; and 

analyzing the at least one handshaking signal to detect a 
characteristic of the telephone subscriber loop. 
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2. The method of claim 1, further comprising: 

determining an operating function of an item of terminal 
equipment connected to the telephone subscriber loop 
based at least in part on the detected characteristic of 
the telephone subscriber loop. 

3. The method of claim 2, Wherein the determining 
includes determining Whether to perform trellis coded 
modulation in the item of terminal equipment. 

4. The method of claim 3, Wherein the detected charac 
teristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

5. The method of claim 4, Wherein it is determined not to 
perform trellis coded modulation in the item of terminal 
equipment if the estimated length of the telephone sub 
scriber loop is less than a predetermined length. 

6. The method of claim 5, Wherein the item of terminal 
equipment is a digital subscriber line modem. 

7. The method of claim 2, Wherein the detected charac 
teristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

8. The method of claim 1, Wherein the detected charac 
teristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

9. The method of claim 1, Wherein the analyZing includes 
comparing a poWer spectrum density of upstream signal 
carriers to a poWer spectrum density of doWnstream signal 
carriers. 

10. The method of claim 9, Wherein the analyzing also 
includes comparing a poWer spectrum density of a ?rst 
group of doWnstream signal carriers to a poWer spectrum 
density of a second group of doWnstream signal carriers, 
Wherein each signal carrier of the ?rst group of doWnstream 
signal carriers is at a higher frequency than each signal 
carrier of the second group of doWnstream signal carriers. 

11. The method of claim 1, Wherein the analyZing includes 
comparing a poWer spectrum density of a ?rst group of 
doWnstream signal carriers to a poWer spectrum density of 
a second group of doWnstream signal carriers, Wherein each 
signal carrier of the ?rst group of doWnstream signal carriers 
is at a higher frequency than each signal carrier of the second 
group of doWnstream signal carriers. 

12. The method of claim 1, further comprising: 

determining, based at least in part on the detected char 
acteristic of the telephone subscriber loop, a parameter 
for a digital subscriber line training process. 

13. The method of claim 12, Wherein the determined 
parameter is used for one of (a) an equaliZer function, (b) a 
timing recovery function, and (c) an automatic gain control 
function. 

14. The method of claim 1, further comprising: 

predicting a digital subscriber line service data rate for the 
telephone subscriber loop on the basis of the detected 
characteristic of the telephone subscriber loop. 

15. A method comprising: 

detecting a characteristic of a telephone subscriber loop; 
and 

determining an operating function of an item of terminal 
equipment connected to the telephone subscriber loop 
based at least in part on the detected characteristic of 
the telephone subscriber loop. 
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16. The method of claim 15, Wherein the determining 
includes determining Whether to perform trellis coded 
modulation in the item of terminal equipment. 

17. The method of claim 16, Wherein the detected char 
acteristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

18. The method of claim 17, Wherein it is determined not 
to perform trellis coded modulation in the item of terminal 
equipment if the estimated length of the telephone sub 
scriber loop is less than a predetermined length. 

19. The method of claim 18, Wherein the item of terminal 
equipment is a digital subscriber line modem. 

20. An apparatus comprising: 

a memory; 

a processor coupled to the memory to: 

receive at least one handshaking signal transmitted via a 
telephone subscriber loop in connection With a digital 
subscriber line handshaking process; and 

analyZe the at least one handshaking signal to detect a 
characteristic of the telephone subscriber loop. 

21. The apparatus of claim 20, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 

22. The apparatus of claim 21, Wherein the processor is 
also to determine not to perform trellis coded modulation if 
the estimated length of the telephone subscriber loop is less 
than a predetermined length. 

23. An apparatus comprising: 

means for receiving at least one handshaking signal 
transmitted via a telephone subscriber loop in connec 
tion With a digital subscriber line handshaking process; 
and 

means for analyZing the at least one handshaking signal to 
detect a characteristic of the telephone subscriber loop. 

24. The apparatus of claim 23, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 

25. The apparatus of claim 24, further comprising: 

means for determining not to perform trellis coded modu 
lation if the estimated length of the telephone sub 
scriber loop is less than a predetermined length. 

26. An apparatus comprising: 

a storage medium having stored thereon instructions that 
When executed by a machine result in the folloWing: 

receiving at least one handshaking signal transmitted 
via a telephone subscriber loop in connection With a 
digital subscriber line handshaking process; and 

analyZing the at least one handshaking signal to detect 
a characteristic of the telephone subscriber loop. 

27. The apparatus of claim 26, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 

28. The apparatus of claim 27, Wherein the instructions 
stored on the storage medium, When eXecuted by a machine, 
also result in: 

determining not to perform trellis coded modulation if the 
estimated length of the telephone subscriber loop is less 
than a predetermined length. 
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29. An apparatus comprising: 

a memory; 

a processor coupled to the memory to: 

detect a characteristic of a telephone subscriber loop; 
and 

determine, based at least in part on the detected char 
acteristic of the telephone subscriber loop, an oper 
ating function of an item of terminal equipment 
connected to the telephone subscriber loop. 

30. The apparatus of claim 29, Wherein the determination 
of the operating function includes determining Whether to 
perform trellis coded modulation. 

31. The apparatus of claim 30, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 

32. The apparatus of claim 31, Wherein the processor is 
also to determine not to perform trellis coded modulation if 
the estimated length of the telephone subscriber loop is less 
than a predetermined length. 

33. An apparatus comprising: 

means for detecting a characteristic of a telephone sub 
scriber loop; and 

means for determining, based at least in part on the 
detected characteristic of the telephone subscriber loop, 
an operating function of an item of terminal equipment 
connected to the telephone subscriber loop. 

34. The apparatus of claim 33, Wherein the determining of 
the operating function includes determining Whether to 
perform trellis coded modulation. 

35. The apparatus of claim 34, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 

36. The apparatus of claim 35, further comprising: 

means for determining not to perform trellis coded modu 
lation if the estimated length of the telephone sub 
scriber loop is less than a predetermined length. 

37. An apparatus comprising: 

a storage medium having stored thereon instructions that 
When eXecuted by a machine result in the folloWing: 

detecting a characteristic of a telephone subscriber 
loop; and 

determining, based at least in part on the detected 
characteristic of the telephone subscriber loop, an 
operating function of an item of terminal equipment 
connected to the telephone subscriber loop. 

38. The apparatus of claim 37, Wherein the determining of 
the operating function includes determining Whether to 
perform trellis coded modulation. 

39. The apparatus of claim 38, Wherein the detected 
characteristic of the telephone subscriber loop is an esti 
mated length of the telephone subscriber loop. 
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40. The apparatus of claim 39, Wherein the instructions 
stored on the storage medium, When eXecuted by a machine, 
also result in: 

determining not to perform trellis coded modulation if the 
estimated length of the telephone subscriber loop is less 
than a predetermined length. 

41. A system comprising: 

a radio frequency transceiver; and 

a digital subscriber line modem coupled to the radio 
frequency transceiver, the digital subscriber line 
modem including: 

a memory; 

a processor coupled to the memory to: 

receive at least one handshaking signal transmitted via 
a telephone subscriber loop in connection With a 
digital subscriber line handshaking process; and 

analyZe the at least one handshaking signal to detect a 
characteristic of the telephone subscriber loop. 

42. The system of claim 41, Wherein the detected char 
acteristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

43. The system of claim 42, Wherein the processor is also 
to determine not to perform trellis coded modulation if the 
estimated length of the telephone subscriber loop is less than 
a predetermined length. 

44. A system comprising: 

a radio frequency transceiver and 

a digital subscriber line modem coupled to the radio 
frequency transceiver, the digital subscriber line 
modem including: 

a memory; 

a processor coupled to the memory to: 

detect a characteristic of a telephone subscriber loop; 
and 

determine, based at least in part on the detected 
characteristic of the telephone subscriber loop, an 
operating function of an item of terminal equip 
ment connected to the telephone subscriber loop. 

45. The system of claim 44, Wherein the determination of 
the operating function includes determining Whether to 
perform trellis coded modulation. 

46. The system of claim 45, Wherein the detected char 
acteristic of the telephone subscriber loop is an estimated 
length of the telephone subscriber loop. 

47. The system of claim 46, Wherein the processor is also 
to determine not to perform trellis coded modulation if the 
estimated length of the telephone subscriber loop is less than 
a predetermined length. 

* * * * * 


